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® Solid slate imaging device having high-sensftivity and fow-noise characteristics by reducing 
electrostatic capacity of interconnection. 



® There Is provided a soOd state Imaging device 
having high-sensjtlvity. lovv-noise characteristics by 
.reducing electrostatic capacity relating to intercon- 
nection. The soBd state imaging device includes a 
photoeiectnc conversion sec^n <2i), a transfer sec- 
tion (22), a floating diffusioo layer (51) for receiving 
signal charges from the transfer section (22), and an 
output transistor (Tl) having a gate electrode (18) 
connected to the floating diffusion layer (51) via an 
interconnection. A source (19a) and a drain (19b) of 
the output transistor (Tl) are provided commonly 
wfthin a flat p-type wall (13) of relatively thin con- 
centration in which the photoelectric conversion sec- 
tion (21), the transfer section (22), and the floating 
diffusion layer (51) are also provided. It becomes 
possible to reduce an interconr^ection capacily, a 
gate^raki c^>acity, and a gate-channel capacity, to 
increase gain of a source follower circuit to relax 
electric fields in the vidnity of the drain (I9b), and to 
prevent electric charges from inftow and- outftow 
from subtle (11), without any increase in the 
fabrication process. As a result, a high-sensitivity, 
low-noise soRd state Imaging device can t>e offered. 
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BACKGROUND OF THE iWVENTIQN 
1, Field of the Invention 



The present invention relates to a soJid state 
imaging device. More.particulaily. the inventfon re- 
lates to enhajiceff»ent in senshhrity of a sofid state 
Jmaglng device having a vertical overftow drain 
structure. 

2. Description of the Prfor Art 

As the solid state Imaging device, taking an 
example of an intertifie transfer type arba image 
sensor, the prior art win t>e explained below. 

Rg, 5 shows the overall construction of a com- 
mon interline tranter type area Image sensor. Op^ 
tical information incident on a matrix-anrayed pho- 
toelectric conversion section 21 Is converted into a 
signal charge by the photoelectric conversion sec- 
tion 21 . Then the signal charge is transferred to a 
charge detecting section 24 connected to a hori- 
zontal transfer section 23 \na a vertical transfer 
section 22 and the horizontal transfer section 23. 
The charge detecting section 24 is comprised of a 
floating diffusion layer (forming a cathode side por- 
tion of a diode D1) for converting the signal charge 
in voltage, and a two-stage source follower circuit 
connected thereto for impedance conversion. This 
source follower circuift comprises transistors T1. T2 
serving as its driver transistors, and transistors T3. 
T4 senHng .as its load transistors, where a DC 
voltage Vgq is applied to gates of the transistors 
T3. T4, Also. DC voltage is applied to a RD termi- 
nal and an CD terminal. After the diode Dl is reset 
by a reset pulse *R applied to a gate of a reset 
transistor TR. the signal ctiarge transferred from 
the horizontal transfer section 23 is further trans- 
fen-ed to the fioafing diffusion layer via an output 
gate 25, Depending on tfte amount of this signal 
charge, voltage .at point A changes, and the result- 
ing voltage change is converted in impedance by 
the two-stage source follower circuit, and outpufted 
from an output terminal OS. 

Referring to Rg. 5, when a ray of intense fight 
impinges on part of the matrix-arrayed photoelec- 
tric conversion section 21. there v/iif occur the so- 
called blooming phenomenon that excess charges 
generated stretch over the peripheral regions. To 
si^press this blooming phenomenon, a vertical 
overflow drain structure has been adopted here- 
tofore. 

. Fig. 8 Illustrates in section tt^ vertical transfer 
section 22 and the photoelectric conversion section 
21 having the vartical overflow drain structure. In 
detail, a FP C flat p-type) w^ 53 is formed on an n- 
type semiconductor substrate 51. and the vertical 
transfer section 22 and the photoelectric conv^r- 
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sion section 21 are fomried within the FP weB 53. 
The vertical transfer section 22 comprises an ry- 
type semiconductor layer 54. a p-type semiconduc- 
tor layer 55 for preventing injection of charges and 
5 inflow of charges of smear components from the n- 
type ^icondudor substrate 51 into the vertfcal 
transfer section 22, a vertical transfer electitxie 58, 
and a llght-scieenlng film 80 for light screening! 
The photoelectric conversion section 21, on the 
JO other hand, comprises an n-typo semiconductor 
layer 56, and a p*-type semteonduclor layer 57 for 
pixel isolation. It Is noted that reference numerate 
50 and 59 each denote a SiOz film, and that a 
SisN* fiIm(not shown) is provided between the 
75 SiQ2 fitm 50 and the transfer electrode 58. The FP 
well 53 is set approximately to a concentration of 
dopants of 5 x 10^* cm-3 and a thic^cness of 3 um. 
perfectly depleted due to the low concentration of 
dopants. Accordingly, excess charges generated in 
so the photoelectric conversion section 21 will over- 
flow beyond the barrier of the depleted FP w^i 53 
toward the n-type semiconductor substrate 51 (ver- 
tical ovwflow drain structure). Me^while. behveen 
the n-type semiconductor layer 54 of the verticaJ 
25 transfer section 22 and the n-type substrate 51 is 
provided the p-typo semiconductor layer 55, which 
is thicker in dopant level than the FP well 53, for 
preventing inflow and outflow of charges. Further, 
although not shown in Rg. 8, the aforementioned 
30 horizontal transfer section and the floating diffusion 
layer are. in general, also formed on the p-type 
semiconductor layer 55 within the FP well 53. 

Rg. 6 shows the planar layout of the charge 
detecting section 24 in the vicinity of a floating 
35 diffusion layer 31 in the vertical overftow drain 
structure. The floating diffusion layer 31 is con- 
nected to a metal wiring 33 at a contact 32. and the 
metal wiring 33 in turn is connected to a gate 
electrode of the first-stage source follower driver 
40 transistor Tl at a contact 34. Normally, the pho- 
toelectric conversion section (not shown in Rg. 6). 
the vertical transfer section (not shown in Rg. 6). 
the horizontal transfer section 23, an output gate 
25, the floating diffusion layer 31, and the reset 
45 ti-arjsistor TR are formed within the FP weH 53 on 
the n-type semiconductor substr^e 51 shown In 
Fig. 8. Meanwhile, as shown in Fig. 6, the first- 
stage source follower driver transistor Tl Is fonned 
within another deep p-type well more heavily dop- 
50 ed and formed deeper than the FP well 53 
(hereinafter, refen-ed to as "OP weir> for prevent- 
ing charges from flowing Into the source and drain 
re^ns firom the rHype semiconductor substrate. 
As a result, the FP well and the DP well are 
55 adjoining to each other by the ends at a boundary 
35. 

Fig. 7 shows a section of the first-stage source 
follower driver transistor Tl (taken from a line S - D 
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in Fig. 6). In the figure, a DP weB 42 is formed on 
an n-type semjcondL»otor substrate 41, the DP well 
42 having a gate electrode 48, an n-type source 
49a, and a cfrain 49b formed therem to make up 
the transistor Ti . The source 49a and the drain 49b 5 
are formed in some self-alignment fashfon wWi 
respect to the gate etectrode 48. It is to be noted 
that a SisNi fiIm(not shown) Is provided l^etween 
the SfCb firm 50 and the gate etectrode 48. Also, 
as disclosed in Japanese Patent Uid-Open Pub- 10 
lication Hei 1-283870 (1989), a lightly doped region 
may be provided between the gate electrode 48 
and tho drain 48b to reduce the capacity between 
the gate etectrode 48 and the drain 49b. 

As one method for enhancing the sensitivity of is 
the solid, state imaging device, charge-to-voitage 
conversion efficjency of the charge detecting sec- 
tion 24 as shown in Rg. 5 may be etevated. If the 
amount of charges transferred to the floating difhi- 
sion layer (a cathode side portion of tfode D1) Is 20 
Q. total capacity relative to the floating diffusion 
layer is C, and gain of the source follower circuit is 
G, then the output voltage V can be repres^ited as 
V s= G*CyO. Mso, the total capacity C contains, as 
capacity components, a junction capacity Cl be- 2$ 
tween the floating diffusion layer and the well hav- 
ing the floating diffusion layer provided therein, a 
capacity 02 between the floating diffusion layer 
and the gate of the reset transistor TR adjoining 
thereto, a capacity C3 between the floating diffu- 30 
sion layer and the output gate 25 adjoining thereto, 
a capacity C4 had by an interconnection between 
the floating diffusion layer and the gate of the first- 
stage source follower driver transistor Tl (including 
capacity between interconnections, capacity be- 35 
tween interconnections and semiconductor sub- 
strate, and capacity between gate and channel of 
the first-stage source follower driver transistor), and 
a capacity C5 behveen gate and drain of the first- 
stage source follower driver transistor. Accordingly, 40 
ttie total capacity C can be represented as C = Cl 
+ C2 + C3 + C4 + C5, so that th©^ capadties 
may be reduced to enhance the charge-to-voltage 
conversion efficiency. 

The at>ove-described prior art structure would 45 
require such an arrangement that the floating diffu- 
sion layer 31 be separaied suffidently apart from 
the boundary 35 between FP and DP wells and 
besides that the first-stage source fofiower driver 
transfer Tl be separated sufffciefitly apart from so 
the boundary 35 between FP and DP welis. More 
specifically, since the two kinds of wells would 
diffuse through heat treatment, after ion implanta- 
tion, to streteh laterally, the DP wefl would affect 
the characteristics of the reset transistor TR. the 55 
horizontal transfer section 23, the output gale 25. 
and the titrating diffusion layer 31, while the FP well 
would affect the characteristics of the first-stage 



source foltower driver transistor Ti. Due to this, the 
boundary 35 between the DP well and the FP well 
needs to be separated sufficiently apart from bolh 
the floating diffusion layer 31 and the first-stage 
source fofiower driver transistor Tl. Of cot«^. the 
boundary 35 needs to be separated also from the 
reset transistor TR, the horizontal transfer section 
23, and the output gate 25. but these do not matter 
in terms of layout In fact, as shown in Fig. 9, at the 
boundary 35 between the FP weB and the DP weH. 
a dopant profife varies laterally over a width of 
about 10 iim. Therefore, in order to make the 
concentration of dopants constant within each of 
the R> well 53 and the DP well 42. and to thereby 
otAaln ^able characteristics, the distance between 
the floattng diffusion layer 31 and the first-stage 
source follower driver transistor Tl as shown in 
Rg. 6 needs to t)© st least 10 ujn or so. As a result 
of this, in the conventional stnicture, the intercon- 
nection 33 that connects the floating diffusion layer 
31 and the gate of the first-stage source follower 
driver transistor Tl would be lengthened, so that an 
interconnection capacity C4 (more precisely, a ca- 
pacity between interconnections and a capacity 
between the Interconnection an6 semiconductor 
sut>strate. out of the C4) would result in a large 
one. For this reason, the charge-to^voltage conver- 
sion efficiency of the charge detecting section 24 
would lower, causing its sensitivity to also lower, 
disadvantageously . 

Also, there has been another problem that the 
capacity C5 between gate and drain of the first- 
stage source follower driver transistor Tl is too 
large. 

Further, due to conduction by (Xinch-through 
between source and drain of the first-stage source 
follower driver transistor Tl. gate length of the 
tran^stor could not be shortened, so that the ca- 
pacity between gate and channel of the first-stage 
source follower drh^er transistor Tl out of the inter- 
connection capacity C4 could not be reduced, as a 
further problem. 

Furthermore, due to concentration of electric 
fields In the vicinity of the drain of tfte first-stage 
source foflower driver transistor Tl, there wouW be 
generated electron and hole pairs by the impact 
(onizaiion phenomenon, which would cause great 
noise. 

SUMMARY OF THE INVEMTtON 

The object of the present invention is theretore 
to provide a solid state Imaging device v/hlch 
solves the above problems of the prior art wrthcxjt 
invohring any complex processes of fabrication and 
yet which exhibits high -sensitivity and tow-noise 
characteristics. 
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In order to achieve the aforemenljoned object^ 
there rs provided a solid state lrr>dglng device com- 
prising: 9 semfconductor sul>strate of a first con- 
ductive type; a well of a second conductive type 
. provided on the semiconductor substrate, the sec- 
ond conductive type of the weM^tjeing fh^ conduc- 
tive type reverse to the first conductive type of the 
semiconductor substrata; a photo^ectric con\fer- 
^on section having a first semtcondudor layer of 
tt>e first conductive type provided within the well 
and serving for converting incident light into signal 
charges at a junction plane between the first semi- 
conductor layer and the well; a transfer section 
. having a second semicorKJuctor layer of the first 
conductive typo provided within the well and a third 
semiconductor layer of the second conductive type 
provided under the second semiconductor layer 
and thicker in concentration of dopants than the 
well, and serving for transferring signal charges 
received from the photoelectric converaon section 
through the second semicorxjuctor layer; a floating 
diffusion layer being comprised of a fourth semi- 
conductor layer of the first conductive type pro- 
vided within the well and serving for receiving the 
Signal charges outputted by the transfer section: 
' and an owtput transistor having a gate electrode 
connected to the floating diffusion layer via an 
interconnection and serving for outputting a signal 
corresponding to a potential of the floating difftision 
layer, wherein channel, source, and drain regions 
of the output transistor are provided within the well. 

In the solid state imaging device, the channel, 
source, and drain regions of the output trarisistCH- 
are provided within the same well as the fioafing 
diffusion layer is provided within. Therefore, the 
output transistor and the floating diffusion layer 
may be made closest to each other as far as the 
design rules permit or as far>e machining permits. In . 
such a case, length of the interconnection that 
cainects the floating diffusion layer and the gate 
electrode of the output transistor Is shortened so 
that capacity had by the interconnedlw (more 
precisely, a capacity between interconnections and 
a capacity between an interconnection and the 
semiconductor substrate) can be reduced. Accord- 
Ingly, the solid state Imaging device is improved in 
senslthnty, compared with the prior art. Further^ the 
output transistor (generaBy. forming a source fol- 
lower Of cult) fs improved in gain by being provided 
within a thinly doped well. 

Also, in an embodiment of the present Inven- 
tion, under the source and drain regions of the 
output trar^lstor there is provided a fifth semicon- 
ductor layer of the second conductive type which is 
thicker in concentration of dopants than the well. 

. In the case of the solid state imaging device of 
the above embodiment since the fifth semlconduc: 
tor layer of ifie second conductive type wf^ is 



thicker in concentration of dopants than the well is 
provided under the source and drain regions of the 
output transistor, charges are prevented from Injec- 
tion from ttie semiconductor substrate into the 

5 source and drain regions and from outflow from the 
source region to the semiconductor sut^straie. As a 
result, a vertical overflow drain structure is formed 
by the output transistor within the well. Besides, 
since the conduction by punch through between 

70 source and drain is suppressed by the fifth semi- 
conductor layer, gate tength of the output transistor 
can be shortened. As a result, out of the capacities 
had by the interconnection that connects the float- 
ing diffusion layer and the gate electrode of the 

IS output transistor, the capacity between the gate 
electrode and channel can be reduced. Accord- 
ingly, the solid state Imaging device can be further 
improved in sensitivity. 

Further, in a solid state imaging device of an- 
other embodiment, the fifth senrwconductor layer 
arid the third semiconductor layer are tf>e same 
layer. 

In the solid state imaging device of the em- 
bodiment, since the fifth semiconductor layer and 

^5 the third semiconductor teyer are of the same 
layef, they are fomned at the same time. Accortf- 
' ingly, there wID be involved no complex processes 
for fabrication of the solid state imaging device. 
In a solid state imaging device of an emtxxli- 

30 ment, the source and drain regions of the output 
transistor are comprised of a sixth senr»lconductor 
layer of the finst conductive type, and a seventh 
semiconductor layer of the first conductive type 
which Is provided under the sixth semiconductor 

35 layer and on a gate side and is thinner in con- 
centration of dopants than the sixth semiconductor 
layer. 

In the solid state imaging device of the em- 
bodiment, a capacrty between the gate electrode 

40 and drain of the output transistor is reduced by 
virtue of the thinly doped seventh semlconducfor 
layer. Accordingly, the soHd state imaging device 
can be further improved In sensitivity. Further, con- 
oemration of electric fieWs in the vicinity of the 

•4S drain can be relaxed by the seventh semiconductor 
layer, whereby electron and hole pairs can be 
prevented from occurring due to an impact ioniza- 
tion phenomenon. As a result, noise of the solid 
state imaging device can be reduced. 

so In a solid state imaging device of an emtxxfi- 

ment. the second semiconductor layer and the 
seventh semiconductor layer are the same layer. 

In the solid state imaging device of claim 5. 
since ttie secoruJ semiconductor layer and the sev- 

55 enth semiconductor layer are of the same layer, 
they are formed at the same time. Accordingly, 
there will be* invoh^ed no complex processes for 
fabrication of the solid state imaging device. 
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BRIEF PESCRIPTiON OF THE DRAWiWGS 

The present invention will become more fu!ly 
understood from the det^led descrtptiOT gi\/en 
hereinbelow and the accompanying drawings whic^ 
are. given by way of iltustration only, and thus are 
not limitative of the present invention, and wherein: 
Fig. 1<a) is a view showing a structure in section 
of a first-stage source foilowor driver transistor 
of a solid state imaging device according to an 
embodiment of the present invention; 
. Fig. 1 (b) is a view shoving a structure in section 
of a photoeiectrio conversion section, and a ver- 
dcal translier section of the solid stats innaging 
device; 

Ftg. 1(c) is a sectional view of a charge detect- 
ing section of the solid state imaging device; 
Rg. 2 is a plan view showing the charge detect- 
ing section of the solid state imaging device: 
Rgs. 3(a-1), 3(a-2), 3<i>1). 3(b-2). 3{c-1). 3{c*2), 
3(d-1). 3(d-2), 3<e-1), 3(e-2) are views showing a 
fabrn^ation process of the solid state Imaging 
device; 

Fig. 4 is a chart showing Input and output char- 
acteristics of a source follower ctrcuft: 
Fig. 5 is a view showing an overall construction 
of the above emtxxfin^ent and the prior art solid 
state imaging device; 

Rg. 6 is a plan view showing a charge detecting 
section of the prior art solid state imaging de- 
vice in the vicinity of a floating diffusion layer; 
Fig, 7 Is a view showing a structure in section of 
a first-stage source foitower driver transistor of 
the prior art solid state imaging device; 
Fig. 8 is a view shovwng the structure in section 
of a photoelectric conversion section and a verti- 
cal transfer section of the prior art solid state 
ima^'ng device; an6 

F^. 9 is a chart showing a dopant profile at the 
boundary between FP well and DP well. 

DETAItJED DESCRIPTION OF THE Pff^EFERRED 
EMBODlMEf^S 

The solid stale imaging device of the present 
invention is described hereinbelow in more detail 
with reference to an embodiment thereof. 

The following description is made by way of 
example in the case of an interline transfer type 
area image sensor having an equivalent circuit 
■ Identical to the equivalent circuit shown in Fig. 5. 

Fig. 1 (a) shows a section of a first-stage source 
foitower driver transistor T1 In a solid state Imaging 
device of one embodiment of the invention. Fig, l- 
(b) stiovi/s a section of a photoelectric conversion 
section 21 and a vertical transfer section 22 of the 
solid state imaging device, and Fig. 1(c) shows a 
section of part of a charge detection section. In the 



figures, there are shown an n-type semiconductor 
substrate 11, a FP(nat p-typa) well 13, an n*type 
semicorxSuctor layer 14, a p-type semiconductor 
layer 15. an n-type semiconductor layer 16, which 
6 constitutes part of the photoelectric conversion sec- 
tion 21, a p"*-lype semiconductor layer 17 for pixel 
isolation, an electrode 18, a source Ida being a 
heavily doped r>-tyF» semiconductor layer, a drain 
19b being a heavily doped n-type semiconductor 
70 layer, a channel 19c, and a light-screening film 20. 
In this anrangement the p-type semiconductor lay- 
er 15 is thicker in concentration of dopants than the 
FP well 13; the p^pe semiconduotor layer IS is 
thinner in concentration of dc^>ants tiian the n-type 
16 SMiconductor layer 14; and the drain 19b is thic- 
ker in concentration of dopants ti^ the n-type 
semicorKfuctor layer 14. Further. SiOa films are 
designated by numerals 10 and 29. and a SiahU 
film(rK>t shown) is provided between the Si02 film 
20 10 and each electrode 18. 

In this solid stata imaging device, the relatively 
thinly doped FP well 13 as shown in Figs. 1(a), 1(b) 
and 1(c) is provided with the first-stage source 
follower driver tranastor T1. a floating diffusion 
25 layer 51 (catiiode side portion of diode D1 in Fig. 
5). the photoelectric conversion section 21. and the 
vertical transfer section 22, an of which are shown 
in Figs. 2 and 5. Fig. 2 in a plan view showing tiie 
. charge detection section 54, and Fig. i(c) is a 
30 sectional view taken a dot-dash line OC in Rg. 2. 
This arrangement tiiat tiie first-stage source foJ- 
lower driver transistor T1 and tiie floating diffusion 
layer 51 and others are provided within the com- 
mon well 13 allows the first-stage source foitower 
35 driver transistor Tl to be made closest to a reset 
transistor TR. an output gate 25. and the floating 
diffusion layer 51 as far as the design niles permit 
or as fine machining permits. As a result of this, an 
interconnection capacity C4 between tiie floating 
40 cfifhjston layer and the gate of the first-stage source 
foUower driver transistor Tl connected thereto 
(more precisely, a capacity tjetween intercorwrec- 
tions arKj a capacity t>e1ween an interconrrection 
and the semlcondt*;tor substrate) can be reduced. 
45 Accordingly, the so6d state imaging device can be 
improved in sensitivity, compared with the prior art. 

Further, the n-type semiconductor layer 14 of 
the vertical transfer section 22 as shown in Fig. 1- 
(b) serves as the transfer section, while the p-type 
50 semiconductor layer 15 of the vertical transfer sec- 
tion 22 serves to prevent injection of charges and 
inflow of smear componem charges from the n- 
type semiconductor substrate 1 1 into the n-type 
semiconcJuctor layer 14. Also, the n-type semlcon- 
55 ductor layer 14 of the first-stage source follower 
driver transistor Tl as shown in Rg. i(a) reduces a 
capacity C5 between gate and drain of the transis- 
tor Tl. Accordingfy, ihe solid state imaging device 
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can b9 further improved In sensitivity^ The n*type 
semiconductor layer 14 furtt)er serves to relax con* 
centration of electric fields In the vicinity of the 
drain, to prevent occurrence of electron and hole 
pairs due to an impact ionization phenomenon, and 5 
to reduce noise. The p-type semiconductor layer 
15 of the lirst-stage source follower driver trar^istor 
T1 prevents injection of charges from the fHype 
semiconductor substrate 11 into the source 19a 
and the drain 19b. or overflow of charges from the to 
source 19a to the n-type semicorvductor substrate 
1 1. As a result, the first-stage source follower driver 
transistor T1 can be formed wrthin the FP well 13 
of such a low concentration of dopants as to allow 
formation of a vertical overflow drain. Besides the 16 
p-type semiconductor layer 15 serves to suppress 
. conduction by punch through between source and 
drain, allowing the gate length of the transistor Ti 
lb be shortened. As a result of this, the capacity 
between gate and channel out of the interconnect 20 
tton capacity 04 can be reduced. Accordingly* the 
soGd state Imaging device can be further improved 
in sensitivity. 

As understood from Fig. 2, the charge detec- 
tion section 54 of this solid state Imaging device 25 
has the same elements as those in Fig. 6. There- 
fore, the same elements are shown by the same 
reference numerals as those In Fig. 6. and descrip- 
tion thereof Is omitted 

The solid state Imaging device Is fabricated in • so 
the following manner. First as shown in Figs. 3 (a- 
1) and 3 (a-2)» a FP wefi (concentration of dopants: 
5 X 10^* cm~3; thickness: approx. 3 um) 13 is 
formed on the n-type semiconductor substrate 11 
by a p-type ion implantation process artd a diffu- 35 
slon process. 

Next, as shown in Figs. 3 (b-1) and 3 (b-2). 
with resist R applied to a surface, photolithography 
process is performed for patterning to form the 
source and drain regions of the first-stage source 40 
follower driver transistor T1 and the vertical transfer 
section 22. Subsequently, the n-t^ semiconduc- 
tor layer 14 and the p-type semiconductor layer 15 
are formed by ^ultaneously Impiaming ions both 
in the source and drain regions of the first-stage 45 
source foltower driver transistor TI and in the verti- 
cal transfer section 22, Thus, ttie p-type semicon- 
ductor layer 15 is formed at one time tor both the 
first-stage source follower driver transistor TI and 
the vertical transfer section 22 , while the n-type so 
semiconductor layer 14 is torn>ed at one time tor 
both the first-stage source foltower driver transistor 
Ti and the vertical transfer section 22. m this 
process, the n-type semiconductor layer 14 Is ar- 
ranged to have a surface density of 2 x 10^' avr^ 55 
and a junction depth o! 0.4 um while the p-type 
semiconductor layer 15 Is arranged to have a peak 
concentration of 3'x 10^^ cm^^ and a peak depth 
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of 0.9 um. Since the n-type semiconductor layw- 
14 and the p-type semiconductor layer 15 are 
respectively formed by Implanting ions at the same 
time both in the source and drain regions of the 
first-stage source follower driv^ transistor TI and 
In the veftk;al transfer section 22, there will be 
Invoh^ no complex processes in fat^ication. 

Then, as shown in Figs. 3 (c-t) and 3 (c-2), 
gale oxldatron is carried out to form a SiOz film 10 
ar>d a SbN* film(not shown), which is followed by 
patterning and k>n implantation by which a p'^-type 
semiconductor layer 17 for pixel isolation Is 
formed. Also, polysilicon as the nnaterial for the 
gate electrode is deposited by a CVD process or 
the like. Then this is followed by patterrting, where 
the polysilicon and the ShtU film are etched in 
succession. By this process, a transfer electrode 
18 of the vertical transfer section 22 and the hori- 
zontal transfer section (not shown) and a gate elec- 
trode 18 of the first-stage source follower driver 
transistor are formed. It is noted that the gate 
electrodes 18 are connected to the floating diffu- 
sion layer in a later process. 

TTien, as shown In Rg. 3 {d-2}, tf» n<4ype 
semiconductor layer 16 is fbmied in the photoelec- 
tric conversion section 21 by patterning and Ion 
implantation. Thereafter, as shown in Figs. 3 (d-1) 
and 3 (d-2), the source I9a and drain I9b. whfeh 
are each a heawly doped n-type semiconductor 
layer, are formed by application of resist R'. pat- 
terning, and ion implantation. In this example, the 
drain 19b is fomted so as to be spaced from the . 
gate electrode 18 by 0,4 um. As a resuh of this, 
the capacity C5 between gate and drain can be 
further reduced, compared with the case where 
both the source 19a and the drain 1^ are formed 
in some self alignment feshion with respect to the 
gate electrode 18. 

Next as shown in Rgs. 3 (e-1) and 3 (e-2), the 
p-type semiconductor layer ir is formed on the 
surface of the n-type semkxniductor layer 16 in self 
aBgnment with respect to the gate electrode 18 for 
the purpose of reducing dartc current of the pho- 
toelectric conversion section 21 . 

Thereafter, the fight-screening film 20 Is pro- 
vided to the vertical transfer section 22 by a known 
method, thus completing the fabrication of the solkl 
state imaging device with high sensitivity and low 
noise. 

In fad, the capacity C4 (including the intercon- 
r^ection capacity, the capacity between the inter- 
connectkm and semioonductor substrate, and ca- 
pacity between gate and channel of the first-stags 
source follower driver transistor Ti) and the capac- 
ity C5 was reduced in their sion total by 35%. in 
proportion to this, the solid state imaging device 
was Improved in seitsitivity. 
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)n this efnbodiment, the first-stage source io\- 
lofwer driver transistor T1. the photoelectrk: conver- 
sion section ai, the vertical transfer section 22, the 
horizontal transfer section 23, and the floating diffu- 
sion layer all have been formed on the FP well. 
However, all of these may conversefy be formed on 
the DP weU as was stated In the prior art Never- 
theless, since the FP well is generally tower In 
concentration than the DP welJ, a back gate effect 
is suppressed in the case of formation on the FP 
well, compared with that on the DP well, which 
contributes to increase in the gain of the source 
follower circuit. Accordingly, the present embodi- 
ment anrangemenf Is prefenred. 

It is to be noted that the present invention may 
be changed and modified in various ways within 
the scope of the appended claims, thus not limited 
to the above embodiment. 

As apparent from the above description, the 
solid state imaging device of the present invention 
comprises a semiconductor substrate of a first con- 
ductive type; a well of a second conductive type 
provided on the semiconductor substrate, the sec- 
ond conductive type of the well being the conduc- 
tive type reverse to the first conductive type of tiie 
semicorujiK^tor substrate; a photoelectric conver- 
sion section having a first semiconductor layer of 
the first conductive type proN^ed within the well 
and serving for converting incident light into signal 
charges at a junction plane between the first semi- 
conductor layer and the well; a trar^er section 
having a second semiconductor layer of the f^st 
conductive type provided within the well and a third 
semiconductor layer of the second conductive type 
provided under the second semiconductor layer 
and thicker in concentration of dopants than the 
well, and serving for transfenlng signal charges 
received from the photoelectric conversion section 
through the second ^mlconductor layer; a ftoating 
diffusion layer being comprised of a foitfth semi- 
conductor layer of the Ttrst conducth^ type pro- 
vided within tiie welt and serwig for receiving the 
signal charges outputted by tfie transfer section; 
and an output transistor having a gale electrode 
connected to the floating diffusion layer via an 
interconnection and serving for outputting a signal 
conesponding to a potential of the ftoating diffusion 
layer, wherein channel, source, and drain regions 
of the output transistor are provided wthin the well. 
Therefore, tiie output transistor and the floating 
diffusion layer may be mads closest to each ottier 
as far as the design rules permit or as fine machin- 
ing permits. Accordingly, lengtii of the Interconnec- 
tion that connects the floating diffusion layer and 
the gate electrode of tiie output transistor can be 
shortened so fliat capadly had by the interconnec- 
tion (more precisely, a capacity between intercon- 
nections, and a capacity between interconnection " 



arKj the semiconductor substrate) can be reduced. 
Accordingly, the solid state Imaging device can be 
improved in sensitivity, compared vWth the prictf art. 
Furtfier, the output transistor (generally, formir>g a 
5 source folknver circuit) can be Improved In gahi by 
being provided wittiin a thinly doped well. 

Also, tf»e soUd stale Imaging device of an em- 
bodiment is provided wrth a fifth semiconductor 
layer of the second conductive type which is tiiic- 
ro ker in concentration of dopams than the wen, under 
the source and drain regions of the output transis- 
tor. Therefore, charges can be prevented from in- 
jection from ttie semiconductor substrate into the 
source and drain regions or from overflow from the 

75 source region to the semiconductor substrate, al- 
lowing a vertical overflow drain structure to be 
formed by the output transistor within the welJ. 
Moreover, conduction by punch through between 
source and drain is suppressed by tf>e fifth semi- 

20 conductor layer, so that gate lengtii of tiie output 
transistor can be shortened. As a resuH. out of the 
capacities had by tf>e interconnection that connects 
the floating diffusion layer and the gate electrode of 
the output transistor, the capacity between tiia gate 

25 electrode and channel can be reduced. Accord- 
ingly, the solid stale imaging device can be further 
improved In senslth^. 

FurtheTt the solid state inoaging device of an 
embodiment is so arranged that the fifth semicon- 

30 ductor layer and the third semiconductor layer are 
the same layer, and tiTerefore formed at the same 
time. Accordingly, the process of fabricating ti^e 
solid state imaging device can be prevented from 
being complicated. 

35 Further, the soDd state imaging device of an 
embodiment is so arranged that the source and 
drain regions of the output transistor are comprised 
of a sixth semiconductor layer of the first conduc- 
tive type, and a seventh semkxmductor layer of the 

40 first conductive type which is provided untSer the 
sbcth semiconductor layer and on the gate side and 
is thinner in concentiBtion of dopants than tiie sixtii 
semiconductor layer. In such a case, a capacity 
between the gate electrode and drain of the output 

45 transistor can be reduced by virtue of the thinly 
doped seventh semiconductor layer. Accordingly, 
tine so&d state imaging device can be fimher Im- 
proved in sensitivity. Furttier, concentration of elec- 
tric fields in the vicinity of the drain can be relaxed 

50 by the seventh semiconductor layer, whereby elec- 
tron and hole pairs can t)e prevented from occur- 
ring due to the impact tonization phenomenon. As a 
result, the noise of the sofid state imaging device 
can be reduced. 

55 Yet furtf^r^ the solid state imaging device of an 
emtKKliment is so arranged that the second seml- 
coTKhictor layer and the seventh semiconductor 
layer are of the same layer. Therefore, the layers 
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are formed at the same time. Accordingty» the 
process of fat^ricating tDe solid state imaging de- 
vice can be prevented from being complicated. 

The invention being thus described, rt will be 
obvious that the same may be varied in many s 
ways. Such variations are not to be regarc^ as a 3. 
departure from th© spirit and scope of the inven* 
tion, ar>d all such mocTiftcations as would be ob- 
vious to one sidlled in the art are intended to be 
included within the scope of the following claims. to 

Claims 4. 

1. A solid state imaging device comprising: 

a semiconductor substrata (11) of a first 1B 
conductive type; 

a well (13) of a second conductive type 
provided on the semiconductor sutrstrate (11). 
the second corKluctive type of the well (13) 
being the conductive type reverse to the first 20 
conductive type of the semiconductor sub- 
strate (1 1); 

a photoelectric conversion section (21) 
having a first semiconductor layer (16) of the & 
first conductive type provided within the welt 25 
(13) and serving for converting incident light 
into signal charges at a [unction plane between 
the first semiconductor layer (16) and the well 
(13): 

a transfer section (22) having a second so 6. 
semiconductor layer (14) of the first conductive 
type provided within the well (13) and a third 
semiconductor layer (15) of the second con- 
ductive type prodded under the second semi- 
conductor layer (14) and thicker in concentra- 35 
tion of dopants than the well (13), and sen/ing 
for transfening signal charges received from 
the photoelectric conversion section (21) 
through the second semiconductor layer (14); 

a floaty diffusion layer (51) t>eing com- 4o 
prised of a fourth semiconductor layer (51) of 
the first conductive type provided within the 
well (13) afKl serving for receiving the signal 
charges oulputted t>y the transfer section (22); 
and 4s 

an output transistor (T1) having a gate 
electrode (18) connected to the floating diffu- 
sion layer (61) via an interconnection (33) and 
serving for outputting a signal corresponding to 
a potential of the floating diffusion layer (51). so 

wherein channel, source, and drain regions 
(19c, 19d. i9b and 14) of the output transistor 
(T1) are pn>vided within the well (13). 

2. A so^ state imaging device as claimed in ss 
claim 1, 

wherein under the source and drain re- . 
gions (19a, 19b. 14) of the output transistor 



(T1) there is further provided a fifth semicon- 
ductor layer (15) of the second conductive 
type which is thicker in concentra^ of dop- 
ants than the well (13). 

A solid stale imaging device as claimed in 
claim 2, 

wherein the fifth semiconductor layer (15) 
and the third semiconductor layer (IS) are the 
same layer. 

A soSd state imaging device as clainned in 
daim 1, 

wherein the source and drain reglcms (Ida. 
19b and 14) of the output transistor (T1) are 
comprised of a sixth semiconductor layer (i9a, 
19b) of the first conductive type, and a seventh 
semiconductor layer (14) of the first conductive 
type which is provided under tfie sixth semi- 
conductor layer (19a, 19b) and on a gate side 
and is thinner in concentration of dopants than 
the sixth semiconductor layer (19a. 19b). 

A SQfid state imaging device as claimed in 
claim 4, 

vtrherein fhG second semiconductor layer 
(14) and the seventh semiconductor layer (14) 
are the same layer. 

A solid state imaging device comprising: 

a photoelectric conversion section (21) for 
converting Incldenl light into electrical signals; 

a transfer section (22) for transferring elec- 
trical signals from the photoelectric conversion 
section (21); 

a floating diffusion layer (51) for receiving 
the electrical signals output by the transfer 
section (21); and 

an output transrslDr (Tl) for outputting a 
signal corresponding to the potential of the 
floating diffusion layer (51) 

wherein the channel, source and drain re- 
gions (19c»19a,19b and 14) of the output tran- 
sistor (Tl) and the floating diffusion layer (51) 
are provided within a common well (13) 
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